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ABSTRACT 
The damping behavior of a series of acrylic based sequential 
interpenetrating polymer networks, IPN's, near 50/50 composition 
was evaluated in terms of their damping effectivenss, D.E. The 
quantity D.E., in units of energy per unit volume, was de.rived 
from the area under the linear loss modulus:--temperature p1ot. 
Decrosslink:j.ng and/or annealing studies on the IPN's were carried 
out to determine their effects on the D.E. 's. Although these treat-
ments significantly alter the shape of the linear ioss modulus-
temperature curves, they have no effect on the D.E. This inves-
tigation suggests that the damping phenomenon in polymers is a 
chain characteristic depending on their chain structure and fun-
tional groups but not on crosslinking and/or annealing. 
INTRODUCTION 
In th~ vicinity of the glass transition temperature of 
a polymer; T , a dynamic equilibrium exists bet.ween frozen g 
chain segments (glassy state) and segments that are free to 
move (rubbery state). As a frozen segment obtains energy 
through mechanical deformation, the onset of coordinated 
molecular motion converts it to thermal energy. The loss 
modulus, E", measures the conversion of m~chanical energy 
In the region of T , the loss g-into molecular motion. 
modulus exhibits a peak, where damping reaches a maximum. 
Consequently, polymers constitute. useful noise and vibration 
1-9 
damping materfals near their T • g 
This paper quantitatively examines the relationship 
between molec:ular structure and damping. The damping 
effectiveness, D.E., in units of energy per unit volume is 
derived from the area under linear E"-tempe!'.ature plots. 
The D.E. will be shown to be a molecular chain 
characteristic. 
Homopolymers and IPN' s based on acrylic and styrene 
monomers were selected based on past experiments a.nd wide 
interest in these materials3• An IPN may be defined
10 as a 
combination of two polymers i~ network form, at l~ast one of 
which is synthesized and/or ci;osslinked in the immediate, 
pr~sence of the other. 
11 
Annealing and decrosslinking alter 
the molecular architecture and the. shape of the loss 
1 
modulus-temperature curve in IPN' s, and in many other 
multicomponent polymeric materials. The effects of changing 
the molecular structure on the extent of molecular mixing of 
the present materials is described elsewhere
12
• 
Homopolymers damp vibrations strongly over a limited 
temperature range, typically 20° or 30°C, cen:tered around 
the glasf? transition of the polymer. Immiscible 
multi.component polymeric materials with widely separated 
Tg's exhibit two strong damping peaks characteristic of the 
individual polyme"rs with a region of low daJI1ping in 
13, 14 between • Polymers with extensive but incomplete 
molecular mixing (the free energy of mixing is barely 
positive) have a broad region of high damping extending over 
15-22 
the· range between the two polymer transitions 
The damping peaks of ten broaden through the use of 
· 23-28 IPN' s , because introduction of cross links in~o both 
polymers restricts the domain size and ·enhances the degree 
or molec~lar mixing. The subject of IPN's has recently been 
i dl0,29-33 rev ewe • 
2 
I 
THEORY 
Dynamic; mechanical spectroscopy yields the storage 
modulus, ·E' , ·the loss modulus, E", .and tan o, where tan o = 
E" /EI. In experiments involving temperature as the 
independent var1able, the 1og·arithms .of t~ese quantitite·s 
are generally plotted against the temperature, and they 
clearly delineate important aspects of the glass transition 
behavior. For ~xample, the width of the transition and i.ts 
shifts with physical or chemical treatment have evoked 
considerable interest
11
'
22
• 
For damping experiments, the maximum value of tan o is 
often _reported, A need exists, ho:wever, to -obtain a better 
measure of the extent of damping. One quantitative way that 
damping has been expressed is as the area under a curve of 
tan o vs. 
troublesome. 
. 14 
temperature The units, however, are 
since E" has units of force per unit area, or energY: 
per unit volume, it was helpful to search for the same or 
similar units for expressing the area under the curve. This 
was achieved py multiplying the temperature scale (T in °K) 
by nR, where n represents the number of active polymer 
chains per unit volume· and R is the gas constant, 8. 314 
J /mol K. The resulting plot of linear E" vs. nRT gives 
units of (energy per unit volume) 2 • By taking the square 
3 
root of the result, the relatively simple units of energy 
per unit volume are r.ecovered. 
This quantity is defined as. the damping effectiveness; 
D.E., 
D.E. = ( / E"nRdT) l/Z (1) 
where the integral is taken over the available temperature 
range . Clearly, this range niust include the entire 
. transition of interest, but will be sl"ightly arbitrary. 
In practice, since R is a constant and n remains 
approximately constant in the present materials, the damping 
effectiveness can be determined simply as the square root of 
the product of nR and the area under a linear .E"-T curve. 
This permits the continued use of temperature as the 
independent variable, and is the technique employed below~ 
The quantity n, of course, actually varies slightly in 
crosslinked materials, and is finite even for linear 
polymers in the bulk state. In this case, physical 
cross links establish an effective n. Since -most of the 
polymers in the present experiments had n close to 100 
..,,:4 
mol/m3 (l x 10 mol/cm3 in common units), this value was 
used throughout. 
4 
The above units of energy per unit volume are used on 
an ad hoc basis~ pending further studies on the ~uitability 
of employing nRT as the x-axis. units. 
"Lastly, it -must be noted that while dynamic mechanical 
experiments yield E" vs. temperature data at a single 
frequency, through the application of the ti-e~temperature 
superposition principle the data can als~ yield information 
as a function-of frequency. Thus, the area under the linear 
E"-temperature curve also yields a measure of the dc_1.mping of 
white noise in the vicinity of the glass transition 
temperature. 
5 
EXPERIMENTAL 
Synthesis 
A series of homopolymers and sequential IPN' s w~s 
34· 
synthesized in bulk by a phot~polymerization technique . 
Monomers used include ethyl acrylate, n~butyl acrylate, 
methyl methacrylate, and styrene. Cross linkers ·include 
acrylic acid anhydride (AAA) for ethyl acrylate, 
tetraethylene glycol diinethacrylate (TEGDMY for n-butyl 
acrylate and methyl methacrylate, and di vinyl benzene. (DVB) 
.for styrene. The compositions of the sample_s are shown in 
Table I. 
• All monomers were dried and freed from inhibitor by a 
column chromatographic technique using neutral alumina. To 
each 100 ml monomer, 2 ml cross linking agent', and 
approximately 0.4 g benzoin as a photoinitiator were added. 
For ethyl acrylate, 1-dodecanethiol (1.36 ml/100 ml monomer) 
was added as a chain transfer agent to counteract gelling 
due to side reactions. 
For the homopolymer synthesi!:!, a mixture of monomer, 
crosslinker, benzoin, and dodecanethiol (for ethyl acrylate) 
was poured into a glass mold fitted with a rubber gasket and 
exposed to u, v. light for. 96 hours. The homopolymers were 
dried in a vacu~m oven until constant weight was reached to 
assure the removal o"f unreacted monomer. 
6 
The IPN' s were prepared by swelling polymer network I 
in a mi~ture -0f ~onomer II, crosslinker and benzoin, arid 
polymerizing in situ,. The resulting IPN's we:re vacuum dried 
to constant weight. Most of the IPN's made were near 50/50 
composition. 
Polymers crosslinked with AAA were decrosslinked by. 
soaking in 28% aqueous ammonium hydroxide for 24 hours, 
which hydrolyzed the MA cross links. Annealing was carried 
out by heating the samples at 120°C for 4 hours. 
The semi-II IPN was prepared by dissolving the 
decrosslinked polymer I in monomer II, cross linking agent, 
and benzoin, and polymerizing in situ.as above. 
Dynamic Mechanical Spectroscopy 
An Autovibron Dynamic Viscoelastometer (Rheovibro)l 
DDV-III-C Type; Toyo Baldwin Co., Ltd.) coupled with a 
computer and a plotter (assembled by !mass, Inc.) was used· 
to obtain the storage modulus, E', loss modulus E", and the 
loss tangent,. tan & • The heating rate was approximately 
1 °C/min, and the fr·equency was set at l-10 Hz. 
7 
RESULTS AND DISCUSSION 
Logarithmic and Linear Plots 
Dynamic mechanical spectroscopy measurements were made 
on the homopolymers and IPN' s delineated in Table I. The 
dynamic mechanical behavior of PEA and PMMA homopolymers and 
the corresponding linear E"-temperature plots are shown in 
Figure 1. A similar series of plots for selected IPN' s are 
repre~ented in Figur~s 2 and 3. The temperature range of 
interest was c}J.osen as -80QC to 150°C to co.ver the entire 
range of glass transitions for all polymers used in this 
study. 
The shapes of the logarithmic and linear plots differ-, 
with each plot emphasizing certaifl: features of the damping 
behavior. For example, the glass transition and the 
secondary transitions for sample .HPl are more pronounced in 
Figure lb ·than in Figure la. Secondary transitions 
contr:ibute substantially to the damping effectiveness of 
PMMA in the temperature range studied. ~ single sharp loss 
peak characteristic of the glass transition of PEA _is shown 
in Figure le ~or sample HP2, an·d the narrow shape of the 
peak is emphasized in Figure ld. 
8 
Broadening of the damping peaks through the use of 
nearly miscible polymer systems is illustrated in Figure 2a. 
Extensive molecular mixing occurs in the PEA/PMMA IPN as 
evidenced by the single broad transition. The nearly 
misc~ble behavior of sample IPNl results from the very 
slight heat of mixing of isomeric PEA and PMMA, which must 
be near zero. The breadth of the transition is refl.ected in 
Figure 2b, by comparison with Figure ld, for example. 
The effect of decrosslinking and annealing sample IPNl 
is shown in Figure 2c. Decrosslinking polymer I in an IPN 
results in- a chemically blended s~mi-Il IPN. Phase 
separation increases in sample IPNl-D ,A as shown .by two 
distinctive transitions.. The low_ temperature transition is 
characteristic of PEA and the high temperature transition is 
characteristic of PMMA. Annealing the decrosslinked sample 
11 
further sharpens the transition regions . However, the 
high temperature transition shown in Figure 2c is less 
apparent in Figure 2d because in the linear plot, E" drops 
to near zero in this temperature range. 
Sa~ple IPN3 exhibits a limited degree of molecular 
mixing in Figure 3a, as indicated by the broadened valley 
. . 34 
between the two transi~io~s • The low temperature 
transition is charcteristic of PnBA and the high temper•ture 
transition is characteristic of PS. Phase separation in 
sample IP~3 is illustrated about equally in Figures 3a and 
3b. 
g 
Damping Effectiveness 
\ 7 
i 
The D. E. 's for the several IPN 's and homopotymers were 
calculated from the areas under the various linear 
E"-temperature curves, and are shown -in Table II. Also 
shown are the curve areas' f E"dT ,. "from -80°e to 150°e. 
Among the homopolymers, PMMA has the largest D. E,, 
primarily attributed to the strong secondary transitions 
occuring in the temperature region covered. PnBA has the 
smallest D. E., partly owing to t_he temperature range 
selected, as· secondary transitions for PnBA occur. at 
tempera_tures lower than -80°e. 
D.E.'s for the IPNl serief? based on PEA and PMMA are 
also shown in Table II. Decrosslinking and/ or annealing 
sample IPNl had no effect on the D.E. 's within experiment?l 
error. Furt;hemore, the D. E. 's are the same for the semi...:II 
IPN and the full IPN as shown by samples IPNl and IPN1-S2. 
It should be emphasized that although the areas under the 
E"-temperature plots are identical for. the IPNl series, the 
sh~pes of the curves vary con~iderably. 
Substituting different polymers in the 50/50 IPN' s 
alters the D. E. 's as shown by comparison o"f_ samples IPNl, 
IPN2, and IPN3. In each case, the D.E. for the IPN is close 
·to the weight~d average of its two parent homopolymers. 
It may be speculated that the variation in D.E.'s is 
due to the presence of different functional groups in the 
10 
.... ')., 
\ 
polymers. Thus, the D.E. values are thought to be related 
to fundamental molecular motions, a characteristic of each 
polymer chain • 
11 
·-~ .. --~· - -
CONCLUSIONS 
The damping effectiven~ss, _D.E., as derived from the 
are·a under. the linear E"-temperature curve, expresses the 
amount of mechanical energy converted to heat per unit 
volume of material. Sometimes characteristics of the 
<tamping behavior of homopolymers and IPN's are more apparent 
in the linear E''-temp.erature plot, such as glass transi_tions 
and secondary transitions. Decrosslinking and/or annealing 
the IPN's have no effect on the D.E. 's, although these 
treatments significantly modify the shape of the 
E"-temperature curves as a result of molecular and pha,se 
rearrangements. Thus, to a first a_pproximation, the area 
expressed by D. E. is a p9lymer chain characteris.tic, 
depending on the chain structure itself but not on 
crosslinking and/or annealing. 
12 
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. TABLE I 
HOMOPOLYMER AND IPN COMPOSITIONS 
Sample 
Number 
HPl 
HP2 
I1P3 
HP4 
IPNl 
IPNl-D 
IPNl-A 
IPNl-D,A 
IPN1-S2 
Structural Namea 
Poly[cross-(methyl methacrylate)] 
Poly[cross-(ethyl acrylate)] 
Poly(cross-styrene) 
Poly[cross-(n-butyl acrylate)] 
Poly[cross-(ethyl acrylate)]-
inter-Poly[cross-(methyl 
methacrylate)] (54:46 mass%) 
Poly(ethyl acrylate)-inter-Poly 
[cross-(methyl methacrylate)] 
(50:50 mass%) 
Abbreviation 
PMMA 
PEA 
PS 
PnBA 
54/46 PEA/PMMA IPN 
50/50 PEA/PMMA 
Semi-II IPN 
Treatment 
Decrosslinked 
Annealed 
Decrosslinked and Annealed 
r 
I 
i 
Sample 
Number 
IPN2 
IPN3 
TABLE I (cont.) 
HOMOPOLYMER AND IPN COMPOSITIONS 
Structural Name~ 
Poly[cross-(n-butyl acrylate)J-
inter-Poly[cross-(rnethyl 
methacrylate)] (58:42 mass%) 
Poly[cross-(n-butyl acrylate)]-
inter-Poly(cross-styrene) 
(52:48 mass%) 
Abbreviation 
58/42 PnBA/PMMA 
IPN 
52/48 PnBA/PS 
IPN 
T--reatrnent 
aF "S d rom ource-Based Nomenclature for Polymer Blends, Interpenetrating Polymer Networks, an 
Related Materials", L. H. Sperling, Subcommittee Chairman, ACS Division of Polymer Chemistry 
Nomenclature Committee, R. P. Quirk, Chairman, 1984. 
I 
I, 
Sample 
Number 
HPl 
HP2 
HP3 
HP4 
IPNl 
IPNl-D 
IPNl-A 
IPNl~D,A 
IPN1-S2 
IPN2 
IPN3 
TABLE II 
DAMPING EFFECTIVENESS FOR HOMOPOLYMERS AND IPN's 
Curve Area, E"dT, GJ /m3 , K 
.. 
(-80°C t9 150°C) 
25 
11 
10 
5 
14 
15 
13 
14 
14 
9 
8 
20 
. 3 D.E., MJ/m 
. (nR /E"dT)l/ 2 
4.6 
3 .. 1 
2.8 
2.0 
3.4 
3.5 
3.3 
3."4 
3.4 
2.8 
2.6 
-------
FIGURE CAPTIONS 
Fig. L--(a) and (c), Dynamic mechanical properties of samples 
HPl and HP2, respectively. 
linear E"-temperature plots. 
(b) and (d)-, Corresponding 
Fig. 2.--(a) and (c), Dynamic mechanical prop~rties of samples 
IPNl and IPNl-D,A, respectively. (b) and (d), 
Corresponding linear E"-temperature plots. 
Fig. 3. --(a), Drnamical mechanical properties of sample IPN3. 
(b), Corresponding linear E"-temperature plot .. 
21 
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CHAPTER 2 
MOLECULAR DEMIXING IN. POLY[CROSS-(ETlIYL ACRYLATE)]-
INTER-POLY[CROSS-(METHYL METHACRYLATE)] 
INTERPENETRATING POLYMER NETWORKS 
BROUGHT ABOUT BY SELECTIVE 
DECROSSLINKING AND ANNEALING 
~--
ABSTRACT 
The extent of molecular demixing of poly[cross-(ethyl 
acrylate)]-inter-poly[cross-(methyl methacrylate)J 
interpenetrating polymer networks, PEA/PMMA IPN's, of 
midrange composition was investigated by decrosslinking 
and/or arinealirig using dynamic mechanical spectroscopy. A 
single broad transition characteristic of: extensive but 
incomplete molecular mixing was obs·erved for the PEA/PMMA 
IPN. The presence of crosslinking in bgth phases of .an IPN 
enhances the mutual miscibility of the polymers. Through the 
use of a labile crosslinker, acrylic acid anhydride, AAA, 
polymer networks may be decrosslinked, allowing the chains to 
separate· a~d form two distinct phas~s. Annealing further 
sharpens the transitions and phase separation becomes most 
pronounced when decrosslinking is followed by annealing. 
INTRODUCTION 
Interpenetrating polymer networks, IPN;s, constitute a 
novel class of multicomponent polymeric materials. An IPN 
may be defined (1) as a combina.tion of .two polymers in 
network form, at least one of which- is synthesized and/or 
cross linked in the immediate presence of the other. The 
introduction of crosslinks into. both polymers restricts the 
separation of the polymers into phase domainf:! and thus 
provides a method of controlling the morphology and degree of 
molecular mixing. 
The. extent of molecul.ar mixing of an IPN may be studied 
using dynamic mechanical spectroscopy (2-11), electron 
-• microscopy~ (2,11~16), and/or differential scanning 
calorimetry (2, 3, 14, 17, 18) •• From dynamic mechanical 
spectroscopy, it is possible to determine the extent of 
molecular mixing based on the following observations (5): 
(a) As mixing !~creases, the- glass transition temperatures, 
T , of the individ.ual transitions broaden and merge in.to a 
g 
single transition. (b) For nearly homogeneous materials, an 
increase in the width of the glass transitions at half-peak 
height provides evidence of slight demixing. One way to 
increase the miscibility of the polymers in .an IPN system 
utilizes a common comonomer into both polymers, thereby 
reducing the positive heat of mixing and the resulting free· 
energy of mixing (8,12). 
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A sequential IPN may be synthesized by swelling polymer 
network I with monomer II plus crosslinking agent and 
initiator and. polymerizing in situ. When only orie component· 
of an IPN is crosslinked, and the other linear, the material 
is referred to as a semi-IPN. The subject of IPN' s has 
recently been reviewed (1, 19-22), and research on IPN' s is 
active on a global bas.is (3,4,13,18,2i,23). 
The effects of altering the molecular architecture on 
the extent of mixing of an· IPN can be studied using labile 
cross linkers such as acrylic acid anhydride, AAA (24). 
Decrosslinking a material containing AAA results in a linear 
polymer (called a· chemical blend), which is easy to extrac~ 
and characterize. Widmaier et al. (24) decrosslinked 
poly [ cross.-(!!_-butyl acrylate) ]-iriter-poly(cross-styrene), 
PnBA/PS_, IPN' s containing MA· in the PnBA, and found that a 
porous st.ruc·ture resulted for the IPN after extraction. The 
void in the electron micrographs corresponded to the previous 
presence of the decrosslinked polymer. 
In this paper, the e"ffects of decrosslinking and/or 
annealing on the extent of molecular· mixing of 
poly[cross-(ethyl acrylate)]-inter-poly[cross-(methyl 
methacy;ylate)], PEA/PMMA, IPN's will be investigated. These 
treatments alter the supermolecular architecture. 
The damping properties of these JPN' s are rep~rted 
s.eparately (25). It was found that the area under the linear 
E"-temperature curves was constant for a given polymer or 
2 
polymer pair, independent of cross linking or annealing, 
although clearly the shapes of. the peaks changed. Each 
polymer or polymer pair had its own characteristic area, 
however (25). 
. J 
EXPERIMENTAL 
Synthesis 
A series of homopolymers and_ midra.nge composition 
sequential IPN' s based on ethyl acrylate ~nd methyl 
methacrylate was synthesized in bulk 1:>y a photopolymerization 
technique (24). Crosslinkers used .include acrylic acid 
anhydride (AAA) as the labile ~rosslinker for ethyl acrylate, 
and tetraethylene glycol dimethacrylate (TEGDM) as the 
permanent crosslinker for methyl methacrylate. The 
compositions of the samples are shown in Table 1. 
The synthesis has been previously described (25). In 
brief: All monomers were dried and freed from inhibitor by a 
column chromatographic technique using neutral alumina. To 
each 100 ml- monomer, 2 ml cross linking agent, and 
approximately 0 .• 4 g benzoin as a photoinitiator were added. 
FQr ethyl acrylate, 1-dodecanethiol (1.36 ml/100-ml mon9mer) 
was added as a chain transfer agent to counteract gelling due 
to side reactions. 
For the homopolymer synthesis, a mixture of monomer, 
crosslinker, benzoin, and dodecanethiol (for ethy~ acrylate) 
was poured into a glass mold fitted with a rubber gasket and 
exposed t.o U. V. light for 96 hours. The homopolymers· were 
4 
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dried in a vacuum oven until constant weight was reached to 
assure the removal of unreacted monomer. 
The IPN's were .prepared by swelling po~ymer ·network I in 
a mixture of monomer II, cross linker .and b~nzoin, and 
polymerizing in situ. The resulting IPN'!i! were vacuum ·dried 
to constant weight. Most of the IPN's made were near 50/50 
compo~ it.ion. 
Polymers crosslinked with AAA were decrossliri.ked by 
soaking in 28% aqueous ammonium hydroxide for ~4 hours, which 
hydrolyzed the· AAA cross links. Anneaiing was carried out by 
heating the sa~ples at 120°C for 4 hours . 
. The semi-II IPN was prepared by dissolving the 
decrosslinked polymer I in monomer II, cross linking agen.t, 
and benzoin, and polymerizing in situ.as above. 
Dynamic Mechanical Spect.roscopy (D ;M. S.) 
An Autovibron Dynamic Viscoelastometer (Rheovibr.on 
DDV-III-C Type; Toyo Baldwin· Co., Ltd.) coupled with a 
comp~ter and a plotter (assembled by Imass, Inc .• ) was used to 
obtain· the D.M.S .. storage modulus., E', loss modulus, E", and 
the loss tangent, tan ·o. The heattng rate was approximately 
1°C/min, and the frequency was set at 110 Hz. 
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RESULTS AND DISCUSSION 
Aspects of Molecular Demixing 
The D.M.S. of homopolymer samples HPl and HP2 are shown 
in Figures 1 and 2, respectively. Sample HP 1 exhibits a T g 
of -5°C and sample HPZ corresponds to a T of 120°C. These g 
values are in agreement with those shown in Table 2 after the 
appropriate 6°-7-0/decade of frequency shift have been applied 
(26). 
Extensive mole.cular- mixing occurs in the PEA/PMMA IPN as 
evidenced by the single broad tran·sition intermediate ~etween 
the 'r 's of the component polymers in Figure 3 for sample IP-N g . 
1. In comparison, the D.M.S. beh?vior of sample IPN1-S2 is 
~hown in F-igure 4. There are two transition regtons that can 
be distinguished for the PEA/PMMA semi-II IPN. The low 
temperature transition region corresponds to PEA and the high 
temperature shoulder is characteristic of PMMA. A comparison 
of Figures 3 and 4 indicat.es that the presence ~f 
crosslinking in. both phases enhances the extent of molecular 
mixing. 
The solubility parameters (27) for poly(ethyl acrylate) 
and poly(methyl methacrylate) homopolymers and the 
corresponding glass transition temperatur:es (27) ar~ shown in 
Table 2. The extent of miscibility of an IPN is strongly 
6 
influenced by the difference in solubility p~rameters of the 
constituent polymers. Hourston et aL (5) employed ·the 
~olubility parameter-based Krause theory (28) to predict the 
miscibilities of acrylic-based latex IPNis. It can be seen 
from Table 2 that the difference in solubility parameters 
between the isomeri_c PEA and PMMA is quite smail. This 
difference coupled with the hear zero he~t of -ixing explains 
the nearly miscible behavior exhibited by PEA/PMMA IPN's. 
Hermant et al. (3) studied the transition behavior of 
polyurethane/poly(methyl methacrylate) IPN .' s and semi-I 
IPN's. In agreement with above, they concluded (3) that the 
mutual miscibility of both components .in an IPN is enhanced 
by interpenetration of the networks, and therefore the IPN's 
have a higher degree of entanglement of both phases than the 
semi-IPN's. 
The effect of decrosslinking sample IPNl is shown in 
Figure 5 for sample IPNl-D. Decrosslinking polymer I in an 
IPN. results in a chemically blended semi-II IPN (29). B}'." 
comparing Figures 4 and 5, the log E'-temperature curves are 
found to be virtually identical. Af t_er de.cross linking sample 
IPNl, there is a slight increase in E' at the upper 
temperature region (75° to 150°C) as shown in Figure 5. 
Sample IPNl-D exhibits three transition regions as indicated 
l>y the log E"-temperature curv.e. The lower transition, 
characteristic of PEA, is shifted down to -35°~, and the 
higher transition, characteristic of PMMA, -is shifted upwards 
7 
to 132°C. In between these regions stands a broad transition 
region similar to that shown for s.ample IPNl. 
The effect of an~ealing sample IPNl is shown in Figure 6 
for sample IPNl-A. The shape ·of the broad transition of 
sample IPNl is changed slightly for sample IPNl-A emphasizing 
the PEA transition. Annealing the decrosslinked material 
sharpens the traI}.sition regions as shown in Figure 7. 
Consequently, sample IPNl-D,A exhibits two distinct 
transition~ in comparison to sample IPNl-'-D treated by 
decrosslinking only. The tr~nsitibn at 0°C corresponds t6 
PEA and the transition at 120°C corre.sponds tb PMMA. 
When the order of the treatments is reversed as shown in 
Fig~re 8, the same transitions occur: for sample IPNl-A,D as 
for sample IPNl-D,A. However, the difference between 
Figures 7 and 8 shows that. the individual transitions are 
sharper and better defined when sample IPNl is decrosslinked 
fir.st and then annealed, In addition, the valley between· the 
two t.ransitions -is deeper 'for sample IPNl-'-D,A than 'for sample 
IPNl-A,D.. This indicates. that sample IPNl-D ,A has a greater 
degree of phase separation. 
During sequential IPN synthesis, polymer I is strained 
because it has been swollen with monomer II, while polymer II 
develops unstrained. Neubauer et al. (30) found that the 
domain structures are rearranged during annealing, presumably 
to equalize the strain in both polymers. Annealing is 
facilitated by decrosslinking because the poiymer chains 
8 
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attain greater mobility. Hence, decrosslinking an annealed 
sample results in a lessened amount of phase separation than 
the reverse situation because d~crosslinking is less 
effective once. molecular rearrangements have occurred, 
Survey of Decrosslinking Studies 
This paper delineates the effects of annealing and 
decrosslinking on the glass transition behayior, and hence on 
the two.-phased inorphology of IPN' s. While annealing .is new 
to this laboratory, the decrosslinkiog experiments using 
acrylic acid anhydride have a history going back to 1976. 
The concept of -a labile crosslinking monom~r grew out of 
the ide·as of group and ring theory as applied to polymer 
blends, blocks, gr,afts, and IPN's (31,32). Iri this w~y, an 
IPN element can be transformed into its eq':livalent semi.,..IPN 
or chemical blend element in the mathematical ring. 
The first use of the experiment was by Sperling et al. 
(33), who decrosslinked poly(cross-styrene), and showed that 
the molecular weight of the final product was identical to 
the original linear polymer.. Later, Widmaier and Sperling 
(34,35) showed that the decrosslinked component could be 
quantitatively .extract~d, and hence grafting reactions during 
IPN formation .for poly[cross-(~-butyl acrylate) ]-inter-poly 
9 
(cross-styrene) IPN's had to be at· a minimum. Through this 
experiment, important concepts of dual phase continuity were 
first demonstrated for IPN's (34). 
In newer experiment!?, Nishiyama and Sperling (36) usec;l 
AAA to make a novel type of themoplastic IPN by first 
decrosslinking both polymers, and then neutralizi~g with 
sodium hydroxide. Other people in this laboratory to employ 
the ~ecrosslirikJng reaction include Yomoda and Sperling_ (37), 
who showed that c·ontrolled states of viscoelasttc behavior 
could. be achieved by partial decrosslinking and, Neubauer et 
al. (30) who first use~ it as a method of modifying the 
two-phased morphology. in IPN's. 
10 
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CONCLUSIONS 
Molecular dem~xfog of midrange composition PE.AIPMMA 
IPN' s is effected by decrosslinking and/ 0:r annealing. A 
single broad transition is observed for the IPN proper, 
indicative of extensive ·but incomplete molecular mixing. The: 
corresponding semi-II IPN exhibits two distinct IP~ 
transitions, indicating a greater degree of phase ~eparation. 
Decrosslinking polymer· I in an lPN thr.ough the ·µse o_: a 
labile crosslinker results in a 'chemically blend.ed semi-!: 
IPN having transition behavior similar to the semi-II IPS. 
Annealing an IPN sharpens the transitions ·a$ a result of 
molecular rear:rangements, and is facilitated following 
decrosslinking. 
Thus, the shapes of the curves of the storage and loss 
moduli can be altered significantly as the supermolecular 
architecture is changed. However, the area under the linear 
loss modulus-temperature curve, indicative of the chain 
chemical composition, remains constant (25). 
11 
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TABLE CAPTIONS 
Table 1. Homopolymer and IPN Compositions. 
Table 2. Solubility Parameters and Glass Transition Temperatures of 
Homopolymers. 
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ex, 
Sample 
Number 
HPl 
HP2 
IPNl 
IPNl-D 
IPNl-A 
IPNl-D,A 
IPNl-A,D 
TABLE 1 
HOMOPOLYMER AND IPN COMPOSITIONS 
Structural Namea 
Poly[cross-(ethyl acrylate)] 
Poly[cross-(methyl methacrylate)] 
Poly[cross-(ethyl acrylate)]-
inter-Poly[cross-(methyl 
methacrylate)] (54:46 mass%) 
Abbreviation 
PEA 
PMMA 
54/46 PEA/PMMA IPN 
'·.· •. ,- ,-,.,, ··- .·-...:-.1.- : • • -· ~ 
Treatment 
Decrosslinked 
Annealed 
Decrosslinked and Annc.:1.led 
Annealed nnd Decr0sslinkeJ 
Sample 
Number 
IPN1-S2 
TABLE 1 (cont.) 
HOMOPOLYMER AND IPN COMPOSITIONS 
Structural Namea 
Poly(ethyl acrylate)-inter-Poly 
[cross-(methyl methacrylate)] 
(50:50 mass%) 
Abbreviation 
50/50 PEA/PMMA 
Semi-II IPN 
Treatment 
8 From "Source-Based Nomenclature for Polymer Blends, Interpenetrating Polymer Networks, and 
Related Materials", L. H. Sperling, Subcommittee Chairman, ACS Division of Polyme~ Chemistry 
Nomenclature Committee, R. P. Quirk, Chairman, 1984. 
Pol:,_:mer 
PEA 
PMMA 
TABLE 2. 
SOLUBILITY PARAMETERS AND GLASS TRANSITION 
TEMPERATl!R,ES OF HOMOPOLYMERS (27) 
Solubility Parameter, o 
[(J/M~)l/2 x 10-3] 
19.2 
19.5 
20 
(OC) 
-24° 
105° 
FIGURE CAPTIONS 
Figur~ 1. D.M.S. of crosslinked PEA. 
Figure 2. D.M.S. of crosslinked PMMA. 
Figure 3. A single broad glass transition is displayed by D.M.S. for 
PEA/PMMA IPN. 
Figure 4. The semi-II IPN of PEA and PMMA shows significant demixing 
by D.M. S • 
• 
Figure 5. On decrosslinking, the PEA/PMMA chemically blended semi-II 
IPN exhibits slightly- less demixing by D.M. S •.. than the corre-
sponding. semi-II (as made) illustrated in Figure 4. 
Figure 6. Annealing causes partial demixing shown by D.M.S. 
Figure 7. Decrosslinking and annealing (in that order) permits exten-
siv_e phase separation as illustrated -by D.M. S. 
Figure 8. Annealing and· decrosslinking (in that order) exhibits some-
what less demixing by D.M.S. than the reverse order, Figure 7. 
21 
A 
0 
(l._ 
V 
w 
en 
0 
_J 
10 
9 
8 
7 
6 
m 
m 
I 
FIGURE 1 
PEA(AAA) 
~ 
. 
. 
. 
: ·.·. 
.. : .. 
•', 
.. 
. ~ 
,, 
.. 
.. 
.. 
.. 
. . 
! ~ 
.. :) 
. . 
Tan 
Delta 
\: 
m 
N 
\ 
. 
. 
,, 
. 
\. 
. 
.. 
. :. 
.. 
\ 
,. 
m 
N 
... 
TEMPERATURE (C) 
22 
2 
1 0 
+> 
l'""'"i 
0 Q) 
0 
C 
0 
-1 ~ 
en 
-2 0 
_J 
A 
a 
Q_ 
V 
w 
m 
0 
..J 
10 
9 
8 
7 
6 
ig 
CD 
I 
FIGURE 2 
PMMA{TEGDM) 2 
E' 1 0 
.µ 
,-t 
0 (D 
0 
[ 
E" 
-1 a 
r-
m 
-2 0 
Tan Delta 
..J 
TEMPERATURE CC) 
23 
10 
9 
A 
0 
(l_ 8 
V 
w 
7 
m 
0 
_J 
6 
FIGURE 3 
54/46 PEA{AAA) 
/PMMA{TEGDM) 
E' 
. J/ 
,/"'., 
E" 
~./' 
',.I,:'" 
Tan Delta 
'5l 
CD 
I 
'5l 
N 
IPN 
\ 
~ 
\ 
~ ~ ~. 
.. -\.,,, 
'l,oo• 
... 
•. 
TEMPERATURE (C) 
24 
2 
1 0 
4,) 
,...-1 
0 Q) 
0 
C 
-1 0 ~ 
m 
-2 0 
_J 
10 
9 
I"' 
0 
a.. 8 
V 
w 
7 
m 
0 
_J 
6 
m 
m 
I 
FIGURE 4 
50/50 PEA 
/PMMA(TEGDM) 
E' Semi-II 
IPN 
e· 
Tan Delta 
m 
N 
m 
N 
... 
TEMPERATURE (C) 
25 
2 
1 0 
+> 
r-4 
e m 
0 
C 
-1 0 ~ 
01 
-2 0 
_J 
f' 
f: 
' I. \· 
' ( 
i 
' 
,, 
;; 
,• 
i 
; 
~ 
~. 
'· 
;;, 
A 
0 
0... 
V 
w 
en 
0. 
_J 
10 
9 
8 
7 
6 
m 
a, 
I 
FIGURE 5 
54/46 PEA(AAA) 
/PMMA (TEGDM) 
E' 
IPN 
E" 
Tan Delta 
Decrosslinked 
m (\J 
m (\J 
... 
TEMPERATURE (C) 
26 
2 
1 0 
.µ 
,-f 
0 (D 
0 
( 
-1 0 r 
01 
-2 0 
_J 
FIGURE 6 
10 54/46 PEA(AAA) 2 
/PMMA(TEGDM) 
9 1 0 
E' IPN 
A 
.µ 
0 
~ 
Q_ 8 0 (J) 
V 0 
w 
( 
7 -1 0 
m ~ 
0 en 
_J 
6 
Tan Delta 
-2 0 
_J 
Annealed 
5 -3 
s s s 
m N N 
I ..
. 
TEMPERATURE (C) 
27 
FIGURE 7 
10 
54/46 PEA(AAA) 2 
/PMMA(TEGDM) 
9 IPN 1 0 E' 
/"'\ .µ 
0 
....-4 
a.. 8 0 m V 0 
w E" ( 
7 
\ 
-1 0 m J-0 
_J 
an Delta en 
-2 0 6 Decrosslinked ....J 
And Annealed 
5 
-3 
m m m (I) N N I ... 
TEMPERATURE (C) 
28 
FIGURE 8 
10 2 
54/46 PEA(AAA) 
9 
/PMMA(TEGDM) 
1 0 E' IPN 
A .µ 
0 l"""'i 
a.. 8 0 Q) 
V 0 
w C 
7 -1 0 en I-
0 
_J en 
6 -2 0 
Annealed And _J 
Decrosslinked 
5 
-3 
m m m (I) N N 
I ... 
TEMPERATURE (C) 
29 
